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Abstract: 
Joshua Tree National Park is a highly visited park in southern California. The 
visitation of the park has lead to the disturbance of some sites. One such site is the 
Cottonwood wash. This research is part of a larger project to restore a section of the 
wash. Previous research has found that the best plants used to restore the disturbed desert 
sites are woody legun:les. One of the reasons for choosing legumes is their symbiotic 
relationship with the soil microbes, rhizobia and mycorrhizae. In these symbioses the 
bacteria rhizobia fix nitrogen and the fungus mycorrhiza increase the uptake of needed 
chemicals. This research looked at the natural diversity of these two microorganisms in 
the disturbed site, comparing it to a reference site. The mycorrhizae were identified using 
a synoptic key and 32 rhizobia isolates were classified using: growth on YEM (yeast 
extract mannitol), antibiotics, and carbon source plates, and their gro\\<th in various salt 
levels. It was found that both the mycorrhizae and rhizobia at the disturbed site had 
similar levels of diversity as the reference site. This research shows that the disturbed site 
soil can be used to grow the legume plants. 
Introduction: 
At present, the world population is growing with a population size of 6.6 billion 
as of July 2007 (CIA \Vorld factbook). With the increases in population more and more 
land is needed to house and sustain this growth. This includes the use of land for farming, 
mining recourses and recreation. In some countries such as the US, where natural 
locations are used as recreation for the people, an increase in grov.th in population would 
lead to an increase in the visitation rate at national parks. While at the park visitors may 
picnic, camp, or hike to experience the location. By doing these actions the visitors may 
• 
unknowingly disturb the park's vegetation (Lovich 1999). This disturbance ofthe parks 
can lead to the destruction of the natural environment. The destruction sustained to the 
natural environments can be reduced if restoration projects are enacted at the locations. 
Joshua Tree is a national park located one and a half hours (about 131.94 km) east 
ofthe University ofRedlands. The park has 800,000 acres ofland, most of which is 
either the Mojave Desert or the Sanoran Desert (JTNP web 2008). The desert ecosystem 
is characterized by low precipitation along with high temperatures leading to a dry arid 
environment. In the world most deserts occur at about 30° latitude. At this latitude high 
pressure systems are dominant due to the global air circulation. With low precipitation 
and high evaporation, desert environments also tend to be highly saline, further drying 
the land and leading organisms to adapt to desiccation stress (Sowe112001). Plants in 
desert environments have adapted a life cycle to survive and reproduce under these 
stresses. Yet these adaptations tend to be easily disturbed, leading to the death of the 
plant life. The hardships of desert environments increase the time it takes for recovery to 
occur naturally (Lovich 1999). 
Restoration projects use a reference site, a site considered to be undisturbed and 
similar to the disturbed site, as a comparison to restore the disturbed site. Restorers study 
the reference site in order to determine the best course of action to take in restoring the 
disturbed site (Lovich 1999, SER primer). The site chosen for this restoration is a wash 
located near the Cottonwood Oasis at Joshua Tree National Park. The oasis and wash are 
popular hiking spots at Joshua Tree and are located at the southern end of the park 
(Figure 1). 
Previous research has found that the use of native plants is the best course of action in 
the restoration of disturbed sites. It was found that local environmental conditions would 
hinder the establishment of exotic plants (Herrera et al. 1993). A native plant to both the 
disturbed and reference site is the woody legume. Woody legumes are trees and shrubs 
with deep root systems that enable them to tap into deep ground water so that they can 
survive the arid environment. Woody legumes also have various adaptations to high 
saline environments (Virginia 1990). Research has found that some woody legumes are 
able to form a mutualistic relationship with rhizobia. In this relationship the woody 
legume provides sugar to the rhizobia, which allows the rhizobia to fix atmospheric 
nitrogen (N2) into ammonia (Virginia 1990). Woody legumes also form relationships 
with mycorrhizae, in this relationship the mycorrhizae extend the roots of the legume and 
assist in the collection of needed nutrients such as water and phosphorus (Virginia 1990). 
It has been proposed that to obtain the best results from a restoration project one should 
inoculate the native woody legume plants with acceptable microbes (Herrera et al. 1993). 
Figure 1: Map of Joshua Tree National park (obtained from JTNP web site) and 
Earth). Full line is the disturbed site, dashed is reference. 
Rhizobia are Gram-negative rods that live in the soil. Rhizobia can be classified into 
two major groups, a fast growing group and a slow growing group (Somasegaran 1994, 
Jenkins et al. 1987). These two groups are separated by how fast they grow on YEM 
(yeast extract mannitol) plates. Fast growing rhizobia are more common in the upper 
layers of soil where the environment is more variable, while slow growing strains are 
more common in deeper soil were the environment is constant (Jenkins et al. 1987). After 
distinguishing rhizobia based on their growth rate morphological features can be used to 
distinguish the rhizobia strains; these features include color (opaque or translucent) and 
how mucodal the colonies are (Jenkins et al. 1987). Along with morphology and growth 
rate rhizobia can be classified using antibiotics (Cole and Elkan 1979, Kremer and 
Peterson 1982), carbon source, and salt tolerance (Jenkins 2003, Singleton 1982, Zahran 
1999). 
Mycorrhizae are fungi found on the roots of many plants and as spores in the soil. 
They can be classified by their appearance, both connected to the root system of the 
plants and as independent spores in the soil. Identification is based mostly on their 
morphological appearance and the construction of the hyphae, structures produced by the 
mycorrhizae that extend into the soil and root system of the host plant. 
The goal of the Joshua Tree restoration project is the restoration of the Cottonwood 
wash. The wash is located near the well-traveled Cottonwood Oasis at the South end of 
the national park (in the Sonoran desert) where it receives large amounts of disturbance 
from hikers. Through the restoration of the site we hope to prevent further disturbance by 
planting woody legumes in strategic positions to reduce off-trail hiking. Restoration can 
be a large and costly process, and through this study we hope to find a cheap way to 
restore the desert wash ecosystem. In this manner we used cost etiective methods to 
study the soil and microorganisms. This study focuses on the analyses of the 
microorganisms, not through genetics, but through morphological and simple 
experimentation. We also will use as organisms as native to the disturbed site as possible 
with an overall hope of using disturbed site organisms if possible. 
This paper will look at: the classification of rhizobia collected from honey mesquite 
(Prosopis glandulosa) plants grown for 6 weeks in soil collected from the disturbed and 
reference sites at Joshua Tree, the identification ofmycorrhizae spores found in the soil at 
both the disturbed and reference site, and the percent colonization of mycorrhizae on the 
6 week growth experiments. There was also a side project on the percent organic matter 
found in the soil ofthe sites. The study of these microbes should indicate the health of the 
soil's microbial community. 
Materials and Methods: 
Rhizobia 
Isolates of Rhizobia: 32 Rhizobia isolates were attained from grmvth experiments. In 
these honey mesquite was grown in soil from either upper or lower sections of the 
disturbed or reference site collected using a soil auger with a sand bit. The plants were 
grown for six weeks. The rhizobia nodules where then plated on YEM plates for 
isolation. The rhizobia were isolated and purified by the replating of the strains from the 
previous generation. After growth of 7 days the strains were transferred to slants for 
longer storage and refrigerated. 
YEM: YEM broth was made by dissolving 0.5g KgHP04, 0.2g MgS04 • ?H20, O.lg 
NaCl, and lOg Mannitol in I liter of deionized water. The pH was then brought to 6.8. 
• 
YEM agar was produced by adding 15 g of agar to the broth. This was then autoclaved to 
sterilize. Agar was cooled to 55° C before plating. (Somasegaran, 1994) 
Carbon sourcing test media: To characterize the metabolic needs of the isolates carbon 
source testing was done. Carbon source medium was made from 1 Oml of selected carbon 
source added to 90ml of minimum YEM agar. A 1% solution of each solution was made 
by adding 1 g of the carbon source (mannitol, sorbital, glucose, ribose, maltose, sucrose, 
or succinate) to 10 ml of deionized water, which was then filtered through a 0.2 f.!m 
sterile filter. Minimum YEM agar is made using the same recipe as normal YEM with the 
exclusion ofmanitol and the reduction ofyeast extract from 0.5 g lite{1 to 0.05 g liter-1• 
(modified from Somasegaran 1994 ). 
Antibiotic test media: Antibiotic resistance patterns for the rhizobia isolates were 
determined. Antibiotic medium was made in concentrations of either 10 flg/ml or 50 
flg/ml for ampicillin, kanamycin, and streptomycin, and concentrations of either 1 flg/ml 
or 10 flg/ml of tetracycline. In most cases the final solution was made from stock 
solution. Only streptomycin and tetracycline were created from stored chemicals, their 
solutions sterilized by filtration through a 0.2 sterile filter. Plates were made 48 to 24 
hours before test. (Somasegaran 1994) 
Carbon source and Antibiotic Plating: All 32 isolates were plated on one plate using a 
frogger device. An applicator stick collected a sample of bacteria from the isolation plate. 
The stick was then placed into a reservoir holding 250 fll of YEM broth. Samples were 
grown on YEM broth for 14-18 hrs at 30° C and 200 rpm in a Gyratory Water Bath 
Shaker. The O.D. was then taken and the samples were diluted to an absorbance around 
0.1 (wavelength of680.0 nm). 10 f.!l ofthe diluted solution was placed into a well with 
250 fll ofYEM broth. A frogger was then used to plate al132 samples on a single plate. 
This was done in triplicate. The plates were then incubated at 27c C for one week. After a 
week the colonies were compared to control and rated as growth, no-growth, or reduced 
growth. 
Optical density: The optical density of the samples was taken on a Bausch and Lomb 
Digital Spectronic 20 Colorimeter at 680.0 nm. Cultures were grown in YEM broth tubes 
at 30° C and 200 rpm in a Gyratory \Vater Bath Shaker. The tubes were placed in the 
Spec 20 ''ith their caps on. The average of three trails indicated the absorbance ofthe 
sample. 
Salt tolerance: A salt tolerance test was done to further characterize and to study the 
tolerance of the isolates. YEM broth was made with concentrations of2 (standard), 100, 
300, and 500 mlvi ofNaCl. 4 ml of each concentration was poured into separate test 
tubes, that fit into the Spec 20 instrument, then autoclaved. The tubes were then 
inoculated with an isolate so that each isolate was represented in all salt ranges. The 
isolates were then incubated at 30c C and 200 rpm in a Gyratory Water Bath Shaker. The 
optical density of each isolate was taken every 12 hours and recorded for a 7 day period. 
Each sample done in triplicate (Based on Jenkens 2003) 
Mycorrbizae 
Spore extraction: To isolate the spores from the soil, 5 grams of sample site soil 
previously collected was placed into a 15 ml test tube, deionized water was added and the 
solution was mixed. After mixing, the solution was placed on its side for 15 minutes. The 
solution was then centrifuged at 2500 RPM for 10 minutes. The water was decanted 
along with free-floating organic matter. 2M sucrose was added to the tube up to the 15 
• 
ml mark and was mixed and allowed to sit for 10 minutes. It was then centrifuged at 2500 
RPM for 10 minutes. The liquid was pored onto vacuum filtered with 0.2 f.L filter paper, 
and rinsed with deionized water three times. Spores were then extracted from the filter 
paper using sharpened toothpicks and placed on filter paper wedges based on similar 
appearance (Invam web site). 
Identification: To determine the diversity ofmycorrhizae at the study sites spores were 
examined under a dissecting microscope, and keyed out using a synoptic key (J.M. 
Trappe 1982). 
Root Staining: To visualize mycorrhizal hyphe, staining was done. Roots collected and 
dried earlier were soaked in 70% ethanol overnight to hydrate. A 600 ml beaker was 
filled with approximately 150 ml of 10% KOH and placed on a hot plate to boil. While 
10% KOH was heating, roots were placed in cassettes and labeled. Once the KOH 
reached a boil, heat was turned off and the cassettes with roots were placed into the KOH 
to sit for 1 0 minutes. After the 1 0 minutes the cassettes were washed 5 times with 
deionized water. Cassettes were then placed in room temperature 2% HCl for 15 minutes 
then washed once with deionized water. 150 ml of Trypan blue was placed into a 600 ml 
beaker and boiled. Once the Trypan blue boiled the cassettes were inserted for 4 minutes. 
The cassettes were washed with deionized water 4 times, and then placed in deionized 
water for one week of soaking. (Invam website) 
Percent colonization: Percent colonization was used as a test of mycorrhizal 
effectiveness. Percent colonization of the roots was determined by placing dyed roots 
onto a small Petri dish with deionized water. Graph paper was placed under the dish and 
a dissecting microscope was used. The amount of times the roots touched lines on the 
graph paper was recorded along with the amount of times mycorrhizae touched the lines. 
The amount ofmycorrhizae that touched a line was divided by the amount oftimes the 
roots touched the line then multiplied by 100. (Invam website) 
Soil properties 
Percent organic mater: To estimate the available organic mater in the soil of the sites, 2 
grams of previously oven dried soil was placed in a sterile crucible and weighed. The 
crucible was heated over a Bunsen burner for 20 minutes, and than allowed to cool to 
room temperature. The soil and crucible were reweighed. The difference in weights was 
divided by the original crucible and soil weight (Bennaars et al 1995). 
Results 
YEM growth: 
The majority of the rhizobia isolates grown on YEM plates grew as opaque and 
dry colonies (22 out of32). Ofthese 22 opaque and dry colonies 21 werefast grO\ving. 
The only a slow growing rhizobia isolate was found in the lower reference site. Results 
are summarized in table 1. 
Opaque Opaque dry Translucent Translucent dry 
mucoid mucoid 
Study site Fast Slow iFast Slow !Fast Slow Fast Slow 
LR 2 0 7 1 0 0 0 K> 
UR 2 0 7 0 0 ~ 1 0 
fLD 2 0 1 0 1 0 0 0 
IUD 2 0 6 0 0 0 0 0 
IN umber of isolate 8 0 21 1 1 0 1 0 
Table l: YEM growth test. LR = lower reference, UR = upper reference, LD = lower disturbed, UD = 
upper disturbed. Isolates were growr. for 7 days on YEM plates. Of the 32 isolates one was slow growing. 
Most isolates found were opaque and dry, only two isolates were translucent. 
Carbon source test: 
It was found that most ofthe rhizobia isolates grew on all of the carbon sources 
tested (mannitol, sorbital, glucose, ribose, maltose, sucrose, or succinate). The only 
exceptions to this pattern were UR 10 and LR 8 which did not grow on succinate. 
Antibiotic Test: 
The antibiotic test found 19 patterns of resistance in the isolates (patterns shown 
in appendix I). The lower reference site contained a total of seven of the patterns. The 
upper reference site contained a total of nine patterns. The lower disturbed site has a total 
of three patterns. The upper disturbed site contained a total of six patterns. The reference 
site had a total of 12 patterns and the disturbed site had nine patterns. Of the patterns two 
were seen to overlap between the disturbed site soil and reference site soil (4 and 12). 
Data summarized in table 2. 
Site !Pattern number rr otal number of Pattern 
LR 1, 2, 3, 4, 5, 6, 12 7 
UR 3, 4, 5, 6, 7, 8, 9, 10, 11 9 
UD kl, 12, 13, 14, 15, 16 6 
LD 17, 18, 19 3 
R 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 
12 
D N-, 12, 13, 14, 15, 16, 17, 18, 19 9 
Salt tolerance test: 
Table 2: Antibiotic plates. LR = lower 
reference, UR =upper reference, LD = lower 
disturbed, UD =upper disturbed. 19 patterns 
were found. Only patterns 4 and 12 were 
present in both the reference and disturbed 
sites. Patterns 3 through 6 were present in 
both upper and lower reference sites. 
Upper and lower disturbed sites had no 
overlap. 
The salt tolerance test showed large amounts of noise in the data causing 
problems with assessment; only 25 of the 32 isolates had growth data. Due to this noise, 
growth rates were assessed based on when the log phase began on control salt 
concentrations and visual analyses of trials. The normal starting time was around six 
hours leading to the classification of slow starting strains to begin at 18 hours. For the test 
concentrations the slow start indicated that log phase started after the control growth 
began. This found that the majority of the isolates had no tolerance 15 out of the 25 
isolates (Table 3). It was found that all of the isolates from the lower disturbed site could 
grow at 1 OOmM NaCL Few isolates grew on consintarations over 100 rmvf, those that did 
had slow growth. Graphs included in appendix 2. 
Number of isolates that Grew at NaCl Concentration 
Sitf No tolerance 100 mlVI 300mM 500mM 
IUR 7 0 0 0 
ILR ~ 1 1 1 
tun 4 2 1 0 
LD k> ~ 0 0 
Total 
!All 15 17 2 1 25 
R 11 1 1 1 14 
D ~ 6 1 ~ 11 
Table 3: Salt tolerance of isolate summery. LR =lower reference, UR =upper reference, LD = lower disturbed, UD = upper 
disturbed, R =reference, D = disturbed. Only 25 of the 32 isolates grew, non growing isolates were not included. 
Combination of tests: 
When the various classification tests were combined it was found that there were 
a total of26 different strains (Table 4). The upper reference site had a total of nine 
different strains (out often isolates) and the lower reference site had nine different strains 
(out of ten isolates), some of which were overlapped with upper reference site. The upper 
disturbed site had eight different strains (eight isolates), and the lower disturbed site had 
four strains (four isolates). There was no overlap between the upper or lower site, but 
strain 14 was found in both the lower reference site and the upper disturbed site and strain 
16 was found in the lower reference and the upper disturbed site. Table of strain 
distinction in appendix 3. 
Site Strain total # of strains 
~R 6,7,10,12, 16, 20, 21,22, 25 9 
LR 1, 8, 9, 10, 11, 12, 14, 23, 26 9 
UD 4, 5, 14, 15, 16, 17, 18, 19 8 
LD 2, 3, 13, 24 ~ 
1, 6, 7, 8, 9, 10, 11, 12, 14, 16, 20, 21, 22, 23, 
R ~5, 26. 16 
D ~, 5, 14, 15, 16, 17, 18, 19, 2, 3, 13, 23 12 
Table 4: Combination of classification tests. LR =lower reference, UR =upper reference, LD =lower disturbed, UD = upper 
disturbed, R = reference, D = disturbed. 26 strains were found. Only strain 14 and 16 were present in both the reference and 
disturbed sites. All isolates from the disturbed site were uniaue strains. 
Mycrorrhizae identification 
The identification of mycorrhizae spores was done at each site. It was found that 
the reference site had a total of 65 spores. These spores were mostly all from the genus 
Glomus (51 spores), seven were unidentifiable and seven were from the genus 
Aculospora. Of the spores, most were Glomus deserticola, appearing 9.09% of the time, 
this was followed by G.fuegianum (8.02%), then G. claroideum (7.48%). 
The disturbed site had total of 62 spores. The dominate genus here was Glomus 
with 50 spores, while 11 spores were unidentifiable, and two were from the genus 
Aculospora. At this site both Glomus deserticola and G. fuegianum appeared 9.46% of 
the time followed by G.fasiculatum and G. agrregatum appearing 6.76% ofthe time. 
Data shown in Figure 2. 
Probible braked own of Glomus species at the 
Disturbed site 
microcarpum . 
4. l% \d1atum agrregatum 
/eplolichum 4. 0%~ 6.7% 
4.7% 1 
fulvum 
4. 7% -------{' other "'r:~"  ~, .. fasiculatum~ ~  
6.8% \ 
etunicarum ~ '\~ canadense 
57% J -~ 4.0% 
· desertico/a / \ 1 .d caro1 eum 
9.5% . clarum 54% 
Pro bible braked own of Glomus speices at the 
Refrence site 
pallidum, 3. 7% 
\ radiatum, 3.2% 
microcarpum, occultum, 3.2% ~t /agrregatum, 6.4% 
4.8% L 
leptotchum, 3.2% ·" ~, ~ 
fulvum, 3.2% ~~ other, 28.9% 
fuegianum, 8% ~ 
fasiculatum, ~~~·.:::~canadense, 3. 7% 
6.4% /~ ~l> 
etunicarum, 3. 7% ....._______claroideum, 7.5% 
constricfu!T!J • · 
3.4% .4% deserticola, 9% clarum, 4.8% 
Figure 2: Breakdown of possible Glomus species at each site. Other is a combination of all species less then 3%. The most 
prominent species in both sites were G. deserticola and G. fuegianum. Note: Due to the keying difficulties, this is not the exact 
species breakdown. 
Mycorrhizae colonization of legume roots 
It was hard to determine the percent mycorrhizae colonization of legume roots 
due to overstaining of the root material. No results were attained from the cat-claw acacia 
(Acacia greggii) roots. Blue palo verde (Cercidiumfloridum) showed root colonization in 
all the sites. The upper reference site had 4.47% colonization (n=4), 10\ver reference had 
5.29% (n=4), upper disturbed had 7.07% (n=2), and lower disturbed had 1.04% (n=1). 
Data could also be collected from honey mesquite (Prosopis glandulosa) roots. The 
upper reference had 1% colonization (n=2), and the lower reference had 0.76% (n=3), the 
upper disturbed had 1.54% (n=3), lower disturbed had 1.01% (n=2). Colonization trends 
can not be inferred from so few data points. 
Percent organic mater 
The average percent of organic matter in the soil was found to be 0.1844% for the 
disturbed site (n=20) and 0.1953% for the reference site (n=20). A two tailed t-test was 
performed and an insignificant p value of 0.4162 was attained. 
Discussion 
Previous work on this project has determined the type of plants that will be used 
in the restoration of the Cottonwood wash. These plants will be the woody legumes 
(Virginia 1990, Carrillo-Garcia et al. 1999). Based on plant surveys the local woody 
legumes that will be used will be cat-claw acacia (Acacia greggii), blue palo verde 
(Cercidiumjloridum), and the honey mesquite (Prosopis glandulosa). The goal of this 
research was to determine if the disturbed site soil is healthy with respect to soil microbes 
and organic matter. The most important microbes for this research are the fungus 
mycorrhizae and the bacteria rhizobia. It has been found that both these microbes reduce 
the stress their host plant encounter in the desert. 
It has been fOtmd that the rhizobia from this site seem to only colonize the roots of 
the honey mesquite (Prosopis glandulosa) plant. This is consistent with other research 
that has found that the rhizobia form good symbioses with honey mesquite (Jenkins et al. 
1988, Virginia et al. 1986). From the growth experiments we collected a total of 32 
rhizobia isolates and classified them in order to find the diversity of the sites (20 from the 
reference and 12 from the disturbed). In the preliminary classification it was found that 
the isolates were mostly fast growing and opaque. This finding is constant with other 
research that predicts that fast growing strains have an advantage in the upper soil layers, 
the location of our soil collecting. This advantage is believed to be from the fast 
propagation time, where the slow growing bacteria may be better adapted for growth in a 
constant environment, the fast growing rhizobia may be better suited for a harsh and 
changing environment of the top soil (Jenkins et al. 1987). 
Though other researchers use carbon source utilization as a classification method, 
one such example being Miller and Pepper 1988, for our study has shown that it is not a 
useful method in classification. It was found that practically all of the isolates collected 
grew on all the carbon sources tested. This could indicate that the isolates of our site have 
evolved to utilize a large diversity of carbon to reduce the stress from the desert 
environment. It should be noted that some isolates did not grow on all the sources, as two 
did not grow on succinate (UR 8 and UR 10). This may indicate that these isolates can 
not fixate nitrogen effectively (Poole and Allaway 200) and should be studied more. 
Like carbon source testing, antibiotic testing is a common tool for the 
classification of rhizobia (Cole and Elkan 1979, Brockman and Bezdicek 1989, Miller 
and Pepper 1988, Kremer and Peterson 1982). This testing produced 19 patterns of 
resistant in our samples and \vas the most useful in classifying the isolates. 
The final test done to classify the rhizobia isolates collected was through salt 
tolerance. This test utilized a new method, growing the isolates in test tubes that fit in the 
Spec 20 instrument. This prevented the need to grow large samples of the isolates to only 
take out a few mL at a time. The test had a large amount of noise in many of the tests, but 
was overall useful in classifying. It is believed that small scratches or marks on the tubes 
affected the absorbance readings of the isolates creating noise. Though previous studies 
on Harper's Well rhizobia had found that all isolates grew up to 500 mM (Jenkins 2003) 
our study found that this was rarely the case with most isolates only reaching a 1 00 nu\1 
tolerance. This could indicate that the salinity of our site is lower than the other site, 
Harper's Well, located near the Salton Sea. The lower salt concentration would reduce 
the need for rhizobia to evolve a high salt tolerance. 
The pooling of the characterizing tests found that there were a total of 26 strains 
with 12 strains from the disturbed site and 16 strains from the reference site. This is 
nearly one strain per isolate for the reference site and is one strain per isolate in the 
disturbed site. The high variability in the isolates indicates that we did not collect the 
complete diversity of the sites. This high diversity of isolates in both sites indicates that 
the rhizobia communitv ofthe disturbed site is diverse enough to be considered healthy. 
The other microbe studied was mycorrhizae. We looked at the percent 
colonization and the overall diversity of the mycorrhizae communities at both sites. Most 
spores collected were from the genus Glomus which is commonly found in desert sites 
(Warburton et al2007). Though we tried to identify down to the species level there was 
trouble, as some of our samples lacked the proper morphological features used in 
identification. These problems reduce the confidence of exact species breakdown of the 
sites. There was no significant difference in spore number between the sites (p= 0.75) and 
their spore compositions were similar. This high diversity and similar amount of spores 
indicates that the disturbed site is not lacking in mycorrhiza health. 
The percent organic matter at each site was determined as an indicator of 
available nutrients, for both carbon and nitrogen (Day and Ludeke, 1993). It was found 
that both sites have a small amount of organic matter ( <0.2% ). This percent is smaller 
than that found in other studied desert sites (1%) (Sowell, 2001 ), which could be a 
byproduct of the drought faced by the site in previous years. Both sites have similar 
amounts of organic mater (p=0.4162), indicating that the disturbed site is as fertile as the 
reference site, but the sites are less healthy than other desert sites. 
Conclusion 
The main goal of this research was to determine if the soil from the disturbed site 
is suitable for use in revegetation. We wish to use this soil to reduce the possibility of 
infecting the disturbed site with non-native organisms, which could further damage the 
site. This research found that the disturbed site soil does have the needed microbes in 
healthy amounts to be used for restoration. Furthermore, the organic matter is similar 
between the sites showing that with respect to soil properties the disturbed site is 
relatively healthy. The health of the site allows us to use this soil from the disturbed site 
in revegetation and focus further work on the planting methods used to restore the site. 
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Appendix 1: Antibiotic resistance patterns of Rhizobia isolates 
I kan 50 
i 
I tet 1 ' 1 1 paterin I I I amp 10 I amp 50 I # 7day kan 10 str 10 ' str 50 tet 10 
LR1 1 ' 0.5 1 0 1 0 1 I 1 ! 
LR5 1 I 0.5 1 o ! 1 0 1 1 I 
LR2 0.5 l 0 0 ol 0 0 1 1 I 
LR3 Oi 0 0 0 0 0 1 0.5 
UR4 Oi 
' 
0 0 0 0 0 1 0.5 I 
LR4 0 0 0 Oi 0 0 1 1 
LR7 0 0 0 o l 0 0 1 1 I 
! UR2 0 0 0 ol 0 0 1 1 I 
i UR8 0 0 0• 0 0 0 1 1 
! UD5 ol 0 o l o l 0 0 1 1 i 
UD8 0 0 Ol 0 o! 0 1 1 I 
LR8 0 0 ol 0 O! 0 0.5 o! 
I LR9 0 0 Oi 0 0 ! 0 0.5 Q l 
UR3 ol 0 0 0 Ol 0 0.5 0 
LR10 0 0 Oi o i 0 0 0 O ! 
UR5 Oi 0 o l o i 0 0 0 0 ! 
' UR1 1 i 1 o l o ! 0.5 0 1 1 I 
UR6 o i 0 o l ol 0.5 0 1 1 
UR7 0.5 I 0 1 I 1 l 1 1 1 1 I 
UR9 0.5 i 0 Ol o ! 0 0 0 0 
UR10 1 0.5 o l Oi 1 0.5 1 1 
LR6 0.5 0 o l Oi 0.5 0 1 1 ' 
' 
UD1 0.5 i 0 0 0 0.5 0 1 1 i I 
UD2 1 i 0.5 o l 0 1 0 1 i 1 I 
UD9 1 i 0.5 0 [ .o 1 0 1 ! 1 i 
i UD3 0 0 o l 0 0.5 Oi o.5 I 0 
'UD6 1 I 0.5 0.5 ! O i 0.5 O i 1 I 1 
UD7 0.5 0.5 0 0 0.5 o l 1 l 1 
LD1 I 1 0 1 0 1 0 1 I 1 
LD2 1 1 1 0 0.5 0 1 1 
LD4 1 1 1 0 0.5 oi 1 1 
LD3 0.5 0 0 0 1 0 ! 1 1 
Key: 1 =growth 0.5= reduced growth O=no-growth. LR = lower reference, UR = upper 
reference, LD = lower disturbed, UD = upper disturbed. Kan = kanamycin, str = 
streptomycin, tet = tetracycline, amp = ampicillin. The number next to each antibiotic 
stands for the amount of flg/ml of the antibiotic. 
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Appendix 1: Growth Rates of Rhizobia Isolates at different NaCllevels 
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Appendix 2: Classification of strains and the isolate in them 
Strain 
Opaque/ Mucodal # Isolates# 
AB1/ no tolerance: 1 LR1, LR 5 Site Strain number 
AB17/ slow start. good at 100: 2 LD1 UR 6,7,10,12, 16, 20, 21,22, 25 
AB 18/ good at 100: 3 LD4 LR 1, 8, 9, 10, 11, 12,14,23,26 
AB 13/ good at 1 00. slow 300: 4 UD2 UD 4, 5, 14, 15, 16, 17, 18, 19 
AB 15/ good at 100: · 5 UD6 LD 2, 3,13,24 
AB 7 I good 1 00. slow 300: 6 UR1 
6,7,9, 16, 20, 21,22, 25, 1, 8, 10, 
R 11, 12, 14, 26,23 
4, 5, 14, 15, 16, 17, 18, 19, 2, 3, 
Opaque/ Dry D 13,24 
AB 9/ slow start, good 100, slower at 
300, 500: 7 UR7 
AB 2/ slow start, no tolerance: 8 LR2 
AB 3/slow start no tolerance: 9 LR3 
AB 4/ Slow start, no tolerance: 10 LR4, LR7, UR2 
AB 5/ slow start, no tolerance/ no 
growth succinate: 11 LR8 
AB 5/ no growth: 12 LR9, UR3 
AB 19/ slow start, good at 1 00: 13 LD 3 
AB 12/ Slow start, no tolerance: 14 UD1 
AB 14/ slow start, no tolerance: 15 UD3 
AB 4/ slow star, no tolerance: 16 UR8, UD5 
AB 16/ slow start, not tolerance: 17 UD7 
AB 4/ good at 1 00: 18 UD 8 
AB 13/ good at 100: 19 UD 9 
AB 6/ no grow: 20 UR5 
AB 8/ slow start, no tolerance: 21 UR6 
AB 1 0/ slow start, no tolerance: 22 UR9 
AB 12/ no growth: 23 LR6 
translucent/ Mucodal 
AB 18/ good at 1 00: 24 LD2 
translucent/ Dry 
AB 11/ no growth/ no growth on 
succeinate: 25 UR10 
Opaque/ Dry/ slow 
AB 6/ good at 100: 26 LR10 
.. AB stands for antibiOtic pattern (appendix 1). LR =lower reference, UR =upper 
reference, LD = lower disturbed, UD = upper disturbed. Slow start is starting at or after 
18 hours. 

